The effects of decenylsuccinic acid on the swelling and respiratory capacities of mitochondria isolated from etiolated corn (Zea mays L., Wf9 X M14) shoots were studied. Decenylsuccinic acid (0.1 mM to 1.0 mM) inhibited the oxidation of succinate and malate-pyruvate, stimulated the oxidation of reduced nicotinamide adenine dinucleotide, and uncoupled phosphorylation. The swelling of isolated corn mitochondria, as determined by percentage of transmittance changes, was stimulated by decenylsuccinic acid in potassium chloride reaction media and in sucrose reaction media without bovine serum albumin. In a diaphorase (2 ,6-dichlorophenolindophenol as acceptor) reaction with intact mitoehondria, only the dehydrogenation rate of malate was reduced by the addition of decenylsuccinic acid. The dehydrogenation of reduced nicotinamide adenine dinucleotide or of succinate was either not affected or was stimulated depending on the diaphorase reaction medium. The oxygen uptake of mitochondria oxidizing N,N,N',N'-tetramethyl-p-phenylenediamine diHCI and ascorbate was inhibited at decenylsuccinic acid concentrations greater than 0.5 mm.
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The results presented lead to the hypothesis that the primary effect of decenylsuccinic acid on isolated corn mitochondria is on the physical properties of the membranes and that decenylsuccinic acid-affected stimulation or inhibition of respiration results from the physical disruption of the membrane.
These results appear to be consistent with those previously reported in whole plant studies. Kuiper (6) found DSA2 to increase the water permeability of bean roots without apparent harm to the plant. On the other hand, this DSA-affected increase in water permeability has been reported by Newman and Kramer (11) to result from root injury. Newman and Kramer also indicated that DSA could act as a metabolic inhibitor as judged by comparing the effects of DSA to those of sodium azide. The uptake of 'P by barley roots and wheat roots was found to be inhibited by 1 mM DSA with the decreased retention and uptake being attributed to physical injury (2). Kozlowski 
a toxic effect of DSA (including plant moisture loss) when it was sprayed on pine needles and Kuiper (7) reported that DSA increased the resistance of several plants to freezing and desiccation by altering membrane permeability. While these reports indicate that DSA does alter membrane permeability, the specific nature of this effect has not been determined. The unit membrane structure of the mitochondrion, even though it likely does differ some from the plasma membrane (8) , provides a suitable tool for the examination of the DSA effect. This paper reports the effect of DSA on certain swelling-contraction, respiratory, and phosphorylative capacities of isolated corn mitochondria.
MATERIALS AND METHODS
Corn seedlings (Zea mays L., Wf9 X M14) were germinated and grown in the dark on paper toweling saturated with 0.1 mM CaCl2. After 3 days the mitochondria were isolated from the etiolated shoots according to the procedure of Miller et al. The reduction of DCPIP by NADH, malate, or succinate was measured spectrophotometrically on a Perkin Elmer model 139 spectrophotometer.
RESULTS
Swelling. The effects of varying concentrations of DSA on the swelling of isolated corn mitochondria in KCI medium are reported in Figure 1 . Concentrations of DSA of 0.5 mm and greater caused a large and almost immediate increase in the swelling of both passive and active mitochondria. Very little, if any, swelling was observed after 1 mm DSA addition in sucrose-tris-bovine serum albumin medium (Fig. 2) . However, some swelling was observed when bovine serum albumin was left out of the sucrose reaction medium (Fig. 2) . The increased swelling in the sucrose-tris medium coincides with the inhibition of the oxidation of malate-pyruvate and succinate in the absence of bovine serum albumin (Fig. 2) .
Respiration and Coupling. In a medium of 0.2 M KCI; 20 mM tris-HCl, pH 7.4; and bovine serum albumin, 1 mg/ml; DSA influenced the rate of 02 uptake by isolated corn mitochondria at concentrations as low as 10 ,4M when malate-pyruvate or succinate was used and at 0.1 mnm when NADH was used as an electron source (Table I ). The magnitude of the ef- of NADH was stimulated in KCl-tris-bovine serum albumin but the succinate rate was unchanged. Mitochondria oxidizing TMPD/ ascorbate were progressively inhibited by increasing concentrations of DSA (Table  IV) . This inhibition was almost total at 2 mM DSA. fect increased as the DSA concentration was increased but was not the same for all three substrates tested. The oxidation of both malate-pyruvate and succinate was inhibited by DSA, while the oxidation of NADH was stimulated. The effects of NaN, acting on oxidized cytochrome a3 (3) were compared to those of DSA and are reported in Table I . As expected, NaN, inhibited the oxidation of all three substrates tested.
DISCUSSION
The effects of DSA on substrate oxidation by isolated corn mitochondria in a reaction medium of 0.3 M sucrose; 20 mM tris-HCl, pH 7.4; and bovine serum albumin, 1 mg/ml, differed from those observed in the KCI media. At a 1 mm DSA concentration, the oxidation of malate-pyruvate and of succinate was not affected, but the oxidation of NADH was stimulated (Fig. 2) . However, when bovine serum albumin was left out of the sucrose media (Fig. 2) the oxidation of both succinate and malate-pyruvate was inhibited by 1 mm DSA, while the oxidation of NADH was still stimulated.
The ADP/O and respiratory control ratios produced by the oxidation of NADH, malate-pyruvate, or succinate (Table II) were normal at DSA concentrations of 0.1 mm. At 0.5 mM DSA, however, coupling (as indicated by ADP/O and RCR) was inhibited with the three substrates even though the rate of the oxidation of NADH was stimulated. The effective concentration of 0.5 mm DSA for uncoupling correlates well with the concentration at which DSA induced swelling (Fig. 1) .
The effect of DSA on electron flow from NADH, malate, and succinate to DCPIP was also measured (Table III) . Only the dehydrogenation rate of malate was greatly reduced by 1 mM DSA. This reduction in the rate of the dehydrogenation of malate was observed in media containing sucrose-tris, KCItris-bovine serum albumin, and sucrose-tris-bovine serum albumin. The rates of oxidation of NADH and succinate were stimulated in reaction media containing sucrose-tris and sucrose-tris-bovine serum albumin. Likewise, the oxidation rate (Fig. 2) and might serve in some way to protect the integrity of the membrane. This protective influence of bovine serum albumin against the DSA effects was also observed in the moderate inhibition of the oxidation of malate-pyruvate and of succinate in the sucrose medium minus bovine serum albumin but not in the sucrose medium plus bovine serum albumin (Fig. 2) . Bovine serum al- Figure 1 . Additions of 1 mM TMPD + 1 mm ascorbate were made to the reaction media 4 min after the initial addition of mitochondria. Inhibitors were added 2 min after the addition of substrate. Data are presented as percentages of the control to which no inhibitor had been added. comparable to the effects of DSA observed when 02 uptake was measured. The dehydrogenation of succinate was not inhibited by DSA as was the 02 uptake. The nearly complete inhibition of TMPD/ascorbate oxidation at 2 mm DSA corresponds to the severe inhibition of NADH, succinate, and malate-pyruvate oxidation at the same concentration. These data, when considered along with the effects of DSA on gross 02 uptake and mitochondrial swelling, point to a nonspecific effect of DSA on membrane integrity rather than a specific inhibition such as has been reported for NaN3, rotenone, antimycin A, and other compounds.
In other experiments we have been able to correlate some of the membrane responses of isolated mitochondria to comparable membrane responses of whole roots. If this is the case for DSA, then we might hypothesize that the DSA effect on roots is one affecting membrane permeability and that any metabolic inhibition is likely to result from a disruption of the physical state of the membranes which are associated with many metabolic reactions and not from an actual DSA inhibition of a specific enzyme system.
